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1. INTRODUCTION {#trc212065-sec-0050}
===============

Chronic liver diseases (CLDs) are a major cause of multimorbidity and mortality worldwide. Data from the Third National Health and Nutrition Examination Survey (NHANES‐III), conducted in the U.S. population between 1988 and 2008, showed that the prevalence of CLDs increased over time from 12% to 15%.[^1^](#trc212065-bib-0001){ref-type="ref"} In Western countries, this tendency is mainly driven by rising impact of non‐alcoholic fatty liver disease (NAFLD). The number of patients affected by this condition is expected to further increase due to population aging. In fact, NAFLD is highly recognized in older adults and its prevalence increases with age reaching 30% in the seventh decade.[^2^](#trc212065-bib-0002){ref-type="ref"} This can be explained by the accumulation, during aging, of many risk factors which on turn predispose to NAFLD (ie, obesity, dyslipidemia, type 2 diabetes, metabolic syndrome).[^3^](#trc212065-bib-0003){ref-type="ref"} Although natural history of CLDs encompasses progression to cirrhosis and hepatocellular carcinoma, not all the affected subjects experience such complications. It seems that liver fibrosis is the main determinant factor of disease progression; indeed, people with a higher degree of liver fibrosis are more prone to poorer long‐term outcomes.[^4^](#trc212065-bib-0004){ref-type="ref"} A recent population‐based study demonstrated that liver fibrosis is largely unrecognized in subjects with previously unknown liver disease.[^5^](#trc212065-bib-0005){ref-type="ref"} Moreover, the rate of liver fibrosis increased with age.[^5^](#trc212065-bib-0005){ref-type="ref"}

It is becoming clear that the relevance of this condition extends far beyond the liver and cardiovascular multimorbidity and mortality. It has been shown that subjects with cirrhosis or CLDs are more likely to be pre‐frail or frail compared to those without CLDs.[^6^](#trc212065-bib-0006){ref-type="ref"} Frailty is a common geriatric condition which may predispose to future dementia.[^7^](#trc212065-bib-0007){ref-type="ref"} Recent evidence from the Framingham study showed that higher levels of liver fibrosis are related to poor cognitive performance in middle‐aged and older adults.[^8^](#trc212065-bib-0008){ref-type="ref"} However, it is conceivable that this relationship could be moderated in part by the presence of physical frailty rather than traditional vascular and metabolic risk factors. Therefore, we hypothesized that liver fibrosis and frailty in older adults might be interacting aspects determining an increased dementia risk.

Today, the gold standard to detect liver fibrosis remains liver biopsy; however, biopsy presents some glaring limitations (eg, high cost, procedure‐related risk, sampling error) that do not allow the use as screening tool in general population, and, in particular, among older adults. Non‐invasive tests of liver fibrosis might represent a feasible tool for earlier diagnosis in community‐based settings.[^9^](#trc212065-bib-0009){ref-type="ref"} Among these tools, the NAFLD fibrosis score (NFS) is a simple and well‐validated instrument which accurately stratifies subjects with NAFLD based on risk of liver fibrosis.[^10^](#trc212065-bib-0010){ref-type="ref"}, [^11^](#trc212065-bib-0011){ref-type="ref"} When applied in community‐dwelling older adults, NFS also exhibits good diagnostic accuracy,[^12^](#trc212065-bib-0012){ref-type="ref"}, [^13^](#trc212065-bib-0013){ref-type="ref"}, [^14^](#trc212065-bib-0014){ref-type="ref"} and is able to predict adverse health outcomes such as disability and mortality.[^15^](#trc212065-bib-0015){ref-type="ref"} In the present study, we examined the relationship between NFS and the incidence of dementia, also investigating the role of physical frailty as a possible effect modifier in a large Italian population‐based sample.

2. METHODS {#trc212065-sec-0060}
==========

2.1. Participants {#trc212065-sec-0070}
-----------------

Participants of this study were enrolled from a large population‐based study, the Italian Longitudinal Study on Aging (ILSA), promoted by the Italian National Research Council‐CNR‐Targeted Project on Aging. More specific information on ILSA data collection have been reported elsewhere.[^16^](#trc212065-bib-0016){ref-type="ref"} A sample of 5632 subjects aged 65 to 84 years, independent or institutionalized, was randomly selected from the electoral rolls of eight Italian municipalities, after stratification for age and sex. The data of the present study have been obtained during the first prevalence survey study between March 1992 and June 1993, the second prevalence survey study between September 1995 and October 1996, and the third prevalence survey study between March 2000 and September 2001. Participants with known history of viral hepatitis were excluded from this analysis. From the original study population (N = 5632), we selected 4521 potentially eligible participants. Thereafter, we excluded patients who did not undergo frailty screening (N = 1830). From the remaining 2691 subjects, we removed those with any missing data in variables necessary for the computation of the NFS (N = 1630), resulting in a final sample size of 1061.

2.2. Standard protocol approvals, registrations, and patient consents {#trc212065-sec-0080}
---------------------------------------------------------------------

Approval was received by the Institutional Review Board of the eight municipalities of the ILSA. Informed consent was obtained from all subjects and/or their relatives before enrollment.

2.3. Clinical examination and laboratory analyses {#trc212065-sec-0090}
-------------------------------------------------

Comorbidities including coronary artery disease (myocardial infarction or angina pectoris), congestive heart failure, type 2 diabetes mellitus, hypertension, and stroke were identified with a two‐phase procedure, using clinical criteria described in detail elsewhere.[^16^](#trc212065-bib-0016){ref-type="ref"} Metabolic syndrome was diagnosed according to the Third Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP‐ATP III) criteria.[^17^](#trc212065-bib-0017){ref-type="ref"} Based on self‐reports, smoking habits were categorized as "ever" or "never" smoker, and the variable "pack‐years cigarettes" (number of years smoked × \[usual number of cigarettes smoked per day/20 cigarettes per pack\]) was generated to represent the total smoking exposure. We collected information on alcohol consumption by food frequency questionnaires asking participants how many drinks they had consumed per day in the previous year, according to three categories (1) one glass (equal to 0.125 L), (2) two glasses (equal to 0.25 L), (3) four glasses (equal to 0.50 L). These data were transformed in drink as reported elsewhere.[^18^](#trc212065-bib-0018){ref-type="ref"} Body mass index (BMI) was calculated as weight/height^2^ (kg/m^2^). Fasting blood glucose (FBG), and serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured, in blood samples, early in the morning after a 13‐hour overnight fast. Serum albumin was measured by electrophoresis. Serum concentrations of apolipoproteins B and A‐I were determined by the nephelometric method with a Behring Nephelometer 100 Analyzer (Behring, Marburg, Germany). Functional status was assessed with the Instrumental Activities of Daily Living (IADL) scale.[^19^](#trc212065-bib-0019){ref-type="ref"} Depressive symptoms were investigated using the Italian version of the 30‐item Geriatric Depression Scale (GDS‐30).[^20^](#trc212065-bib-0020){ref-type="ref"} Physical frailty has been retrospectively assessed according to modified Fried\'s criteria and using the operationalized criteria.[^21^](#trc212065-bib-0021){ref-type="ref"} The Charlson comorbidity index, a weighted index that takes into account the number and the seriousness of comorbid disease, was calculated.[^22^](#trc212065-bib-0022){ref-type="ref"}

### RESEARCH IN CONTEXT {#trc212065-sec-0100}

**Systematic review**: We searched electronic databases (MEDLINE, Embase, Scopus, and Web of Science) for manuscripts published in English, from database inception to January 31, 2020 using the following search terms: "liver fibrosis" and "non‐alcoholic fatty liver disease" and ("cognitive function" or "dementia"). Previous study reported limited association between chronic liver diseases, including non‐alcoholic fatty liver disease (NAFLD), and incident dementia, but reduced cognitive performance has been observed in older adults with advanced liver fibrosis. On the other hand, degree of liver fibrosis is strongly related with physical frailty and both conditions are associated with worse clinical outcomes. Therefore, liver fibrosis and frailty in older adults might be interacting aspects determining an increased dementia risk. To the best of our knowledge, no one study investigated the effect of liver fibrosis on dementia risk in older adults, bearing in mind also the role of co‐occurring frail condition.**Interpretation**: In a large 8‐year population‐based longitudinal study, enrolling 1061 older adults (65 to 84 years old), we retrospectively assessed the degree of liver fibrosis using the Angulo\'s NAFLD fibrosis score (NFS). We observed that liver fibrosis per se was not related to incident dementia. Only frail older adults with advanced liver fibrosis had an increased risk of dementia.**Future directions**: Further prospective studies should verify whether frailty could have an independent role in the progression of liver disease and in the long‐term prognosis of older adults with chronic liver diseases, also using a more accurate assessment of liver fibrosis (eg, transient elastography). If our findings are confirmed, randomized controlled trials are warranted to test if interventions acting on frailty conditions or potential underlying common mechanisms with liver fibrosis (eg, albumin deficit, inflammation, thrombosis) could reduce the risk of dementia in older adults.

2.4. Neuropsychological evaluation and classification of dementia {#trc212065-sec-0110}
-----------------------------------------------------------------

Mini‐Mental State Examination (MMSE) was used to evaluate global cognitive function (orientation, attention, immediate and delayed verbal memory, constructional praxis, and language).[^23^](#trc212065-bib-0023){ref-type="ref"} A complete neuropsychological battery was administered for evaluating episodic memory and selective attention, comprehensive of the diagnosis of mild cognitive impairment, as detailed elsewhere.[^16^](#trc212065-bib-0016){ref-type="ref"} Episodic memory was tested with the Babcock Story Recall Test (BSRT; score ranging from 0 to 16).[^24^](#trc212065-bib-0024){ref-type="ref"}, [^25^](#trc212065-bib-0025){ref-type="ref"} This test measures immediate and delayed recall, using a 21‐unit story. For the purpose of scoring, an event‐weighted, hierarchical system was used, based upon the degree of organization of the recollection provided by the subject. Selective attention was assessed by the Digit Cancellation Test (DCT; score ranging from 0 to 60).[^24^](#trc212065-bib-0024){ref-type="ref"} This test has a basic format with three different matrices made up of 13 strings of 10 digits (zero to nine in random sequence), each line including up to five targets. Digits are required to be crossed out within a time limit (45 seconds/matrix). The finding strategy of dementia cases was described in detail elsewhere.[^16^](#trc212065-bib-0016){ref-type="ref"} Briefly, the diagnosis was based on the Diagnostic and Statistical Manual of Mental Disorders, Third Edition Revised criteria for dementia syndrome;[^26^](#trc212065-bib-0026){ref-type="ref"} the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer Disease and Related Disorders Association criteria for possible and probable Alzheimer\'s disease (AD);[^27^](#trc212065-bib-0027){ref-type="ref"} and the International Statistical Classification of Diseases and Related Health Problems, 10th Revision criteria for vascular dementia (VaD).[^28^](#trc212065-bib-0028){ref-type="ref"}

2.5. Liver fibrosis assessment {#trc212065-sec-0120}
------------------------------

Severity of liver fibrosis was estimated by NFS, which combines clinical and serum markers, obtained at first survey, using the following algorithm: −1.675 + 0.037 × age \[years\] + 0.094 × BMI \[kg/m^2^\] + 1.13 × impaired fasting glucose (IFG) or type 2 diabetes \[yes = 1, no = 0\] + 0.99 × AST to ALT ratio---0.013 × platelet \[×10^9^/L\]---0.66 × albumin \[g/dl\].[^10^](#trc212065-bib-0010){ref-type="ref"} Participants were characterized into three categories based on previously published cut‐offs: high probability of advanced fibrosis (F3‐F4) with NFS \>0.676, indeterminate probability of advanced fibrosis (−1.455 \< NFS ≤ 0.676), and low probability of advanced fibrosis (F0‐F2) with NFS \<−1.455.[^10^](#trc212065-bib-0010){ref-type="ref"}

2.6. Statistical analysis {#trc212065-sec-0130}
-------------------------

All analyses were performed using STATA 16 statistical software (StataCorp, 2019, Stata Statistical Software: Release 16, College Station, TX: StataCorp LLC). Sociodemographics, and clinical and laboratory parameters were evaluated by the three NFS categories (F0‐F2, Indeterminate, and F3‐F4) using the Kruskall‐Wallis method due to the high heteroskedasticity among the compared groups. Pairwise comparisons have been analyzed by the Mann‐Whitney method and the *P* value has been set at .017 (0.05/3 = 1.7%). Time to new events of overall dementia, in the period between 1992 and 1995 (first survey to second survey) and in the period between 1992 and 2001 (first survey to third survey) were modelled separately using Cox proportional hazards. The proportional hazard assumption over time for the covariates of interest was checked including in the Cox model each covariate by time as a predictor variable. Collinearity between NFS and parameters involved in the statistical models (demographic and clinical characteristics) was investigated by Spearman\'s ρ coefficients setting its values ≥0.80. Partially adjusted models (adjusted for age, sex \[coded 0 for women as reference group and 1 for men\], metabolic syndrome \[coded 0 if not affected, coded 1 if affected\]), and intake of alcohol in drink as a categorical variable (no alcohol intake coded = 1, ≤1 drink/day coded = 2, one or more drinks but ≤2 drinks/day coded = 3, \>2 drinks/day coded = 4), identified as models 1, were estimated for each outcome. As models 2 were identified the fully adjusted models which considered the variables in model 1 plus education, pack‐years (coded 0 for pack‐years cigarettes = 0 \[never smoking\], and 1 for pack‐years cigarettes ≥0.5), MMSE score at baseline, Charlson Comorbidity Index, albumin serum levels, and apolipoprotein B:apolipoprotein A‐I ratio. In considering which variables should be retained in the models we considered the hierarchy principle according to modelling strategy with three stages: variable specification, interaction assessment, and confounding assessment. If a product variable is retained in the model, then all lower‐order components of that variable must be retained in the model.[^29^](#trc212065-bib-0029){ref-type="ref"} In deciding to retain NFS scores x physical frailty product in the models, we compared the log likelihood statistics of the models with and without those with the interaction term by a likelihood ratio test. These evaluations were calculated also by low serum levels of albumin (\<4.3 g/dL coded 1 median value). To check the proportional hazard assumption over time for the covariates for each type of event, we included in the Cox model each covariate by time as a predictor variable. Interaction between NAFLD fibrosis score and physical frailty was estimated. To examine the interaction between frailty and CLD on dementia risk the comparisons of the hazards between groups were estimated by LINCOM procedure in Stata. The statistical significance threshold was set at 5%.

2.7. Data availability {#trc212065-sec-0140}
----------------------

Any anonymized data not published within the article will be shared by request from the corresponding author.

3. RESULTS {#trc212065-sec-0150}
==========

The sociodemographic and clinical characteristics (mean ± standard deviation \[SD\] or %) of subjects across the three NFS categories ("F0‐F2," "Indeterminate," and "F3‐F4") are shown in Table [1](#trc212065-tbl-0001){ref-type="table"}. NFS is a composite score but any collinearity was identified with the parameters included in the statistical models (Spearman\'s ρ coefficients in Table [1](#trc212065-tbl-0001){ref-type="table"}). Figure [1](#trc212065-fig-0001){ref-type="fig"} shows the sample size and attrition of the study population. The total analysis time at risk and under observation were in the short‐term period 4272 persons/year, while in the long‐term period were 8769 persons/year. The incident cases of overall dementia in the first period were 51 (31 AD, 29 VaD, and 12 other dementias), while in the second period were 90 (41 AD, 31 VaD, and 18 other dementias). Differences in age (72.39 ± 5.34 vs 74.69 ± 5.74, *P* \< .01 evaluated by separate variance *t* test) and sex (Pearson χ^2^ = 16.7, *P* \< .01) were observed between participants and non‐participants (1061 participants: 588 \[20.88%\] men and 473 \[16.80%\] women; 4571 non‐participants: 2228 \[79.12%\] men and 2343 \[83.20%\] women). The mean (SD) age of the participants at baseline was 72.39 (5.34) years, 44.58% were women, and 6.6% were frail (out of them, 13.5 were in the F3‐F4 NFS category). Compared to participants with F0‐F2 NFS, those with F3‐F4 NFS were more likely to be men (63.83%), with higher BMI and more frail (Table [1](#trc212065-tbl-0001){ref-type="table"}). In this study, the prevalence of the highest NFS category was 15.66% (95% confidence interval \[CI\], 13.39 to 18.23) and it increased with age (65 to 69 years: 7.63%, 95% CI 5.34% to 10.79%; 69 to 74 years: 11.04%, 95% CI 8.05 to 14.96; 75 to 79 years: 17.54%, 95% CI 13.13% to 23.04%; and 80 to 84 years: 25.65%, 95% CI 19.50% to 33.00%; test for trend odd ratio \[OR\]: 1.65, 95% CI: 1.39 to 1.95) and it was higher in men than in women (men: 18.46%, 95% CI: 15.25% to 22.16% and women: 12.02%, 95% CI: 9.22% to 15.52%; OR: 1.65, 95% CI: 1.04 to 2.17). Moreover, F3‐F4 NFS category was associated to physical frailty independently by age (OR: 1.96, 95% CI: 1.07 to 3.58) and sex (OR: 2.99, 95% CI: 1.66 to 5.38).

###### 

Demographic and clinical characteristics (mean \[standard deviation\] or %) of individuals by non‐alcoholic fatty liver disease (NAFLD) fibrosis score (NFS) categories in the Italian Longitudinal Study on Aging (first prevalence survey, 1992 to 1993)

                                            Entire sample (n = 1061)   NFS F0‐F2 (n = 303)                                          NFS indeterminate (n = 617)                                   NFS F3‐F4 (n = 141)                                                                                             *P* value   Spearman\'s ρ coefficients
  ----------------------------------------- -------------------------- ------------------------------------------------------------ ------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------- ----------- -------------------------------------------------------
  Women (%)                                 473 (44.58)                146 (48.18)                                                  276 (44.81)                                                   51 (36.17)                                                                                                      .060        0.07[^\#^](#trc212065-tbl1-note-0007){ref-type="fn"}
  Age (y)                                   72.39 (5.34)               70.64 (4.85)                                                 72.70 (5.28)[^‡^](#trc212065-tbl1-note-0004){ref-type="fn"}   74.76 (5.48)[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}, [^†^](#trc212065-tbl1-note-0003){ref-type="fn"}   .0001       0.23[^\#^](#trc212065-tbl1-note-0007){ref-type="fn"}
  Education (y)                             6.81 (5.00)                8.13 (5.62)                                                  6.30 (4.55)[^‡^](#trc212065-tbl1-note-0004){ref-type="fn"}    6.15 (4.95)[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}                                                     .0001       −0.14[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}
  Pack‐years                                17.24 (26.16)              16.41 (24.42)                                                17.52 (26.96)                                                 17.83 (26.36)                                                                                                   .8734       −0.03
  Alcohol consumption (%)                   192 (18.20)                63 (20.86)                                                   109 (17.78)                                                   20 (14.29)                                                                                                      .6719       0.01
  BMI (kg/m^2^)                             26.94 (4.35)               25.54 (3.60)                                                 27.17 (4.20)[^‡^](#trc212065-tbl1-note-0004){ref-type="fn"}   28.97 (5.36)[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}, [^†^](#trc212065-tbl1-note-0003){ref-type="fn"}   .0001       0.23[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}
  Mini‐Mental State Examination             26.10 (3.93)               26.65 (3.91)                                                 26.06 (3.74)                                                  25.06 (4.53)[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}, [^†^](#trc212065-tbl1-note-0003){ref-type="fn"}   .0001       −0.13[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}
  Instrumental activities of daily living   8.04 (3.25)                7.68 (2.80)                                                  8.00 (3.06)                                                   8.96 (4.52)[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}, [^†^](#trc212065-tbl1-note-0003){ref-type="fn"}    .0515       0.08[^\#^](#trc212065-tbl1-note-0007){ref-type="fn"}
  Geriatric Depression Scale‐30             8.96 (5.69)                8.41 (5.65)                                                  9.35 (5.63)                                                   8.47 (5.94)                                                                                                     .005        0.03
  Charlson Comorbidity Index                0.94 (0.80)                0.87 (0.81)                                                  0.95 (0.78)                                                   1.04 (0.87)                                                                                                     .5041       −0.01
  Hypertension (%)                          588 (55.42)                147 (48.51)[^§^](#trc212065-tbl1-note-0005){ref-type="fn"}   369 (59.81)[^¶^](#trc212065-tbl1-note-0006){ref-type="fn"}    72 (51.06)                                                                                                      .003        0.05
  Type 2 diabetes (%)                       126 (12.33)                48 (16.49)[^§^](#trc212065-tbl1-note-0005){ref-type="fn"}    61 (10.30)                                                    17 (12.23)                                                                                                      .031        −0.06
  Coronary artery disease (%)               104 (9.80)                 32 (10.56)                                                   60 (9.72)                                                     12 (8.51)                                                                                                       .792        −0.03
  Stroke (%)                                12 (1.17)                  4 (1.37)                                                     5 (0.84)                                                      3 (2.16)                                                                                                        .404        0.01
  Congestive heart failure (%)              92 (8.67)                  22 (7.26)                                                    49 (7.94)                                                     21 (14.89)[^§^](#trc212065-tbl1-note-0005){ref-type="fn"}                                                       .018        0.06
  Metabolic syndrome (%)                    450 (42.41)                115 (37.95)                                                  271 (43.92)                                                   64 (45.39)                                                                                                      .169        0.07[^\#^](#trc212065-tbl1-note-0007){ref-type="fn"}
  Albumin (mg/dL)                           4.31 (0.41)                4.49 (0.40)                                                  4.27 (0.39)[^‡^](#trc212065-tbl1-note-0004){ref-type="fn"}    4.10 (0.39)[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}, [^†^](#trc212065-tbl1-note-0003){ref-type="fn"}    .0001       −0.30[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}
  B/A1                                      0.88 (0.43)                0.92 (0.53)                                                  0.88 (0.40)                                                   0.84 (0.25)                                                                                                     .2688       −0.05
  Physical Frailty (%)                      65 (6.6)                   14 (4.86)                                                    33 (5.78)                                                     18 (13.53)                                                                                                      .002        0.11[^\*^](#trc212065-tbl1-note-0002){ref-type="fn"}

Abbreviations: B/A1, apolipoprotein B to apolipoprotein A1 ratio; BMI, body mass index.

Bonferroni adjusted between‐groups comparison, NFS F3‐F4 versus NFS F0‐F2: *P* \< .01.

Bonferroni adjusted between‐groups comparison, NFS F3‐F4 versus NFS indeterminate: *P* \< .01.

Bonferroni adjusted between‐groups comparison, NFS indeterminate versus NFS F0‐F2: *P* \< .01.

*P* \< .01666, with Bonferroni adjusted comparison.

*P* \< .0033, with Bonferroni adjusted comparison.

*P* \< .05, ^\*\*^ *P* \< .01 values for Spearman\'s ρ coefficients between NFS categories and demographic and clinical characteristics.
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![Attrition of the study population at the different phases of the survey in assessing the role of non‐alcoholic fatty liver disease fibrosis score on incident dementia. The Italian Longitudinal Study on Aging, first prevalence survey, 1992 to 1993](TRC2-6-e12065-g001){#trc212065-fig-0001}

In physically frail older adults, the incidence rates (the number of events per 1000 person‐years at risk) of overall dementia for the highest NFS category (F3‐F4 NFS) was roughly five times that in those with the lowest NFS category (Table [2](#trc212065-tbl-0002){ref-type="table"}). The physically frail older individuals with higher liver fibrosis score compared to those with lower liver fibrosis score were more likely to have a higher risk of overall dementia in a long‐term period (hazard ratio \[HR\]: 4.23; 95% CI: 1.22 to 14.70), but not in the short‐term period in a multivariate adjusted model (Table [3](#trc212065-tbl-0003){ref-type="table"}). Finally, physically frail older adults with low albumin serum levels (albumin \<4.3 g/dL) and with advanced liver fibrosis (F3‐F4 NFS) compared to those with lower liver fibrosis score (F0‐F2 NFS) were more likely to have a higher risk of overall dementia in a long‐term period (HR: 16.42: 95% CI: 1.44 to 187.67, *P* = .024; Table [3](#trc212065-tbl-0003){ref-type="table"}).

###### 

Incidence rate of overall dementia (per 1000 persons/year) in older adults with (non‐alcoholic fatty liver disease \[NAFLD\] fibrosis score \[NFS\] F3‐F4) and without advanced liver fibrosis (NFS F0‐F2) by physical frailty and by low albumin serum levels. The Italian Longitudinal Study on Aging (first and second surveys, 1992 to 1996 and first and third survey, 1992 to 2001)

                                                                 New events (1992 to 1995)   Rate    95% CI          New events (1992 to 2001)   Rate    95% CI
  ---------------------------------------------------- --------- --------------------------- ------- --------------- --------------------------- ------- --------------
  Physical frailty                                     NFS no    6                           16.81   5.42--52.11     7                           11.24   4.22--29.94
                                                       NFS yes   7                           45.23   16.98--120.51   11                          49.87   24.94--99.71
  Without physical frailty                             NFS no    29                          7.58    5.12--11.22     60                          8.10    6.22--10.56
                                                       NFS yes   9                           13.49   6.06--30.02     12                          9.97    5.19--19.16
  Physical frailty by albumin serum level \<4.3 g/dL   NFS no    1                           9.79    1.38--69.48     3                           4.61    0.65--32.73
                                                       NFS yes   4                           56.35   21.15--150.13   6                           45.17   20.29--100

Abbreviation: CI, confidence interval.

John Wiley & Sons, Ltd.

###### 

Hazard ratios (HRs) of incident overall dementia associated to non‐alcoholic fatty liver disease (NAFLD) fibrosis score (NFS) by physical frailty and by low albumin serum levels. The Italian Longitudinal Study on Aging (first and second surveys, 1992 to 1996 and first and third survey, 1992 to 2001)

                                                                New events (N°)                                  Model 1 HRs partially adjusted (95% CI)[^a^](#trc212065-tbl3-note-0001){ref-type="fn"}   *P* value   Model 2 HRs fully adjusted (95% CI)[^b^](#trc212065-tbl3-note-0002){ref-type="fn"}   *P* value
  ------------------------------------------------------------- ----------------- ------------------------------ ---------------------------------------------------------------------------------------- ----------- ------------------------------------------------------------------------------------ -----------
  Overall dementia (1992 to 1995)                               51                Fibrosis                       1.19 (0.48--2.97)                                                                        .71         1.09 (0.43--2.78)                                                                    .86
                                                                                  Physical frailty               1.31 (0.39--4.40)                                                                        .67         0.84 (0.23--2.99)                                                                    .78
                                                                                  Fibrosis × physical frailty    1.80 (0.31--10.46)                                                                       .51         1.91 (0.31--11.85)                                                                   .49
                                                                                  NFS yes/physical frailty yes   2.14 (0.47--9.75)                                                                        .32         2.08 (0.42--10.33)                                                                   .37
  Dementias by albumin serum levels \<4.3 g/dL (1992 to 1995)   28                Fibrosis                       2.03 (0.71--5.81)                                                                        .19         2.05 (0.71--5.97)                                                                    .19
                                                                                  Physical frailty               0.78 (0.1--6.18)                                                                         .81         0.46 (0.05--4.34)                                                                    .49
                                                                                  Fibrosis × frailty             1.95 (0.17--22.30)                                                                       .59         2.54 (0.17--37.13)                                                                   .50
                                                                                  NFS yes/physical frailty yes   3.94 (0.42--36.88)                                                                       .23         5.21 (0.46--58.61)                                                                   .18
  Dementias (1992 to 2001)                                      90                Fibrosis                       0.87 (0.42--1.78)                                                                        .70         0.91 (0.44--1.88)                                                                    .80
                                                                                  Physical frailty               0.82 (0.29--2.33)                                                                        .71         0.73 (0.25--2.09)                                                                    .56
                                                                                  Fibrosis × physical frailty    4.79 (1.16--19.80)                                                                       .030        4.64 (1.11--19.43)                                                                   .036
                                                                                  NFS yes/physical frailty yes   4.15 (1.21--14.31)                                                                       .024        4.23 (1.22--14.70)                                                                   .023
  Dementias by Albumin serum level \<4.3 g/dL (1992 to 2001)    47                Fibrosis                       0.90 (0.39--2.11)                                                                        .82         1.02 (0.43--2.41)                                                                    .97
                                                                                  Physical frailty               0.15 (0.02--1.50)                                                                        .11         0.13 (0.01--1.28)                                                                    .08
                                                                                  Fibrosis × physical frailty    19.09 (1.51--241.68)                                                                     .023        16.14 (1.27--205.17)                                                                 .032
                                                                                  NFS yes/physical frailty yes   17.24 (1.51--197.0)                                                                      .022        16.42 (1.44--187.67)                                                                 .024

Model 1: HRs were adjusted for: age, sex (coded 0 for women and 1 for men), metabolic syndrome (coded 0 if not affected, coded 1 if affected), and alcohol intake (no alcohol intake coded = 1, ≤1 drink/day coded = 2, 1 or more drinks but ≤2 drinks/day coded = 3, \>2 drinks/day coded = 4).

Model 2: HRs were adjusted for: Model 1 plus education, pack‐years cigarettes (coded 0 for pack‐years cigarettes = 0 (never smoking), and 1 for pack‐years cigarettes ≥0.5), Mini‐Mental State Examination score at baseline, Charlson Comorbidity Index score, apolipoprotein B:apolipoprotein A‐I ratio, albumin serum level (this last confounder has been excluded in the stratification by albumin levels).

Abbreviation: CI, confidence interval.

John Wiley & Sons, Ltd.

4. DISCUSSION {#trc212065-sec-0160}
=============

In the present study, during 8‐year follow‐up, we observed that among physically frail older individuals the presence of advanced liver fibrosis (F3‐F4 NFS) was associated to about four times increased risk of overall dementia in comparison to a lower liver fibrosis score. The HR of overall dementia increased by about 16 times in physically frail older adults with low albumin serum levels (albumin \<4.3 g/dL).

Epidemiological data showed that the presence of liver fibrosis, assessed using non‐invasive tests as the NFS, may predict multimorbidity and mortality in people with known CLD,[^30^](#trc212065-bib-0030){ref-type="ref"}, [^31^](#trc212065-bib-0031){ref-type="ref"} as well as in general population.[^15^](#trc212065-bib-0015){ref-type="ref"} The estimated prevalence among older adults of NFS F3‐F4 ranged from 7.8% to 18.9%.[^13^](#trc212065-bib-0013){ref-type="ref"}, [^14^](#trc212065-bib-0014){ref-type="ref"}, [^15^](#trc212065-bib-0015){ref-type="ref"} Consistently, in the present large population‐based sample of Italian older adults, we found an overall prevalence of advanced fibrosis of 15.66%. To the best of our knowledge, this is the first study investigating the relationship between liver fibrosis and the risk of dementia and their relationship with physical frailty. Previous data from a large Korean population‐based study highlighted that presence of CLDs in older adults predisposed individuals to slightly higher dementia risk over 10‐year follow‐up.[^32^](#trc212065-bib-0032){ref-type="ref"} Also in the general population, abnormal liver function tests (higher AST‐to‐ALT ratio and reduced ALT) have been associated with cognitive dysfunction and AD‐related biomarkers.[^33^](#trc212065-bib-0033){ref-type="ref"} Intriguingly, in a cross‐sectional analysis from the Framingham study, Weinstein et al. showed that NAFLD per se did not influence cognitive performance in middle‐aged and older adults.[^8^](#trc212065-bib-0008){ref-type="ref"} However, they found that subjects with NAFLD and higher degree of liver fibrosis, assessed with NFS, showed worse executive function and abstract reasoning.[^8^](#trc212065-bib-0008){ref-type="ref"} Despite this evidence, less is known about potential underlying mechanisms acting in the relationship between liver fibrosis and occurrence of cognitive disorders.

We found that the risk of overall dementia is further increased in physically frail older people with advanced liver fibrosis who reported lower serum albumin levels (\<4.3 g/dL). Albumin is a well‐known biomarker related with both physical frailty, as consequence of malnutrition,[^34^](#trc212065-bib-0034){ref-type="ref"} and with impaired liver biosynthetic capacities as observed in advanced liver fibrosis.[^35^](#trc212065-bib-0035){ref-type="ref"} It has also been demonstrated that lower albumin levels predict higher risk of incident dementia in community‐dwelling older adults.[^36^](#trc212065-bib-0036){ref-type="ref"} Albumin is an important carrier protein which is involved in amyloid beta (Aβ) brain deposition through stabilization of Aβ monomers and inhibition of their polymerization.[^37^](#trc212065-bib-0037){ref-type="ref"} Recent findings showed that albumin binding capacity is significantly and progressively reduced in NAFLD patients.[^38^](#trc212065-bib-0038){ref-type="ref"} Hence, lower albumin levels and function might contribute to Aβ burden and the development of AD. Also, other mechanisms could explain the link between liver fibrosis and physical frailty and the development of dementia. For example, a dysregulation of immune and coagulation systems occurs in liver fibrosis[^39^](#trc212065-bib-0039){ref-type="ref"}, [^40^](#trc212065-bib-0040){ref-type="ref"} as well as during aging and is particularly prominent in frail individuals.[^41^](#trc212065-bib-0041){ref-type="ref"} Experimental studies suggest that liver fibrosis is characterized by pro‐inflammatory and pro‐thrombotic state. It has been speculated that hepatocyte senescence may induce an infiltration of liver parenchyma with inflammatory cells, mainly a cluster of differentiation 4+ (CD4+) lymphocytes and macrophages,[^42^](#trc212065-bib-0042){ref-type="ref"} which could increase the susceptibility to fibrosis during aging.[^40^](#trc212065-bib-0040){ref-type="ref"}, [^43^](#trc212065-bib-0043){ref-type="ref"} Although it is well known that CLDs are associated with increased risk of vascular diseases, hypercoagulability is often unrecognized.[^39^](#trc212065-bib-0039){ref-type="ref"} Pro‐thrombotic state might predispose individuals to further liver damage with fibrosis progression, a process also known as parenchymal extinction.[^44^](#trc212065-bib-0044){ref-type="ref"} It is conceivable that, as happens in the liver, pro‐thrombotic state may induce micro‐infarction also in the brain causing white matter injury. Indeed, Petta et al. found that white matter lesions were not associated with NAFLD per se but rather with advanced liver fibrosis, observing a three‐times risk of vascular lesions in subjects with F2‐F4 fibrosis stage at transient elastography.[^45^](#trc212065-bib-0045){ref-type="ref"}

In older adults, the inappropriate activation of pro‐inflammatory and pro‐thrombotic pathways leads to a catabolic cascade and a progressive worsening of physical frailty.[^41^](#trc212065-bib-0041){ref-type="ref"} Accumulating evidence shows that physical frailty might represent a peculiar tract of advanced liver disease among older adults.[^6^](#trc212065-bib-0006){ref-type="ref"}, [^15^](#trc212065-bib-0015){ref-type="ref"} In the present population, there was a stepwise increase of the physical frailty prevalence from 4.86% to 13.3% as the liver fibrosis progressed. A similar trend was reported in a population of 962 older subjects from the InCHIANTI study, with a physical frailty prevalence of 18.7% in the F3‐F4 NFS category.[^15^](#trc212065-bib-0015){ref-type="ref"} Recently, Wang et al. proposed a liver frailty index (LFI), which assesses physical frailty based on grip strength, chair stands, and balance.[^6^](#trc212065-bib-0006){ref-type="ref"} The authors showed that people with cirrhosis, or just with CLD but without cirrhosis, had significantly higher LFI scores compared to subjects without liver disease. Older adults with CLD also had significantly lower grip strength compared to those without liver disease.[^6^](#trc212065-bib-0006){ref-type="ref"} Sarcopenia, a condition which shares some components with physical frailty characterized by low muscle strength and the presence of low muscle quantity or quality, has been shown to be related with liver cirrhosis and reduced quality of life.[^46^](#trc212065-bib-0046){ref-type="ref"} Previous studies have reported that people with higher degrees of liver fibrosis also had lower levels of physical activity.[^8^](#trc212065-bib-0008){ref-type="ref"}, [^15^](#trc212065-bib-0015){ref-type="ref"} Indeed, international consensus highlights that physical frailty assessment could be a useful step in the evaluation of liver transplantation candidates and to guide therapeutic decisions in these subjects.[^47^](#trc212065-bib-0047){ref-type="ref"}

A major strength of our preliminary exploratory study was the assessment of liver fibrosis in a large population‐based cohort prospectively evaluated that allowed the determination of a temporal sequence between fibrosis score and dementias, hence cause‐effect inferences could be made. Moreover, our study included comprehensive geriatric assessment concerning validated cognitive and functional as well as laboratory tests. There are also several limitations. NAFLD fibrosis was based neither on ultrasound, nor HCV testing, nor on a sum of the biopsy\'s individual scores but on a score derived from the Angulo\'s algorithm. Upscaling in subjective under‐reporting of alcohol consumption, though it could be important, was not investigated in our older population because we consider it more relevant in young people and adults and only in a small part in older age. The sensitivity of the NFS is low (51% for the highest cut‐off point \>0.676);[^10^](#trc212065-bib-0010){ref-type="ref"} thus, a proportion of participants identified as having advanced fibrosis was misclassified. We expect this to result in diminution of the association. Finally, the number of participants with the highest risk for advanced fibrosis and, consequently, the new events of overall dementia, were small; thus, statistical power was limited.

5. CONCLUSIONS {#trc212065-sec-0170}
==============

Our findings suggest that liver fibrosis could be a potentially modifiable risk factor determining incident dementia in patients with physical frailty. It is conceivable that presence of a common geriatric condition such as frailty could have more weight rather than traditional risk factors in the progression of liver disease and in the long‐term prognosis of older adults with CLDs. These findings should encourage a routine assessment of physical frailty in older adults with known or suspected CLDs. Randomized controlled trials are warranted to verify if strategies acting on physical frailty or potential underlying common mechanisms with liver fibrosis (eg, albumin deficiency, inflammation, thrombosis) could have a beneficial effect on liver fibrosis itself as well as reduce the risk of dementia.
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